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Description 



DISPLAY DEVICE WITH PASSIVATION 

STRUCTURE 

Background of Invention 

[0001] i Field 0 f th e invention 

[0002] The present invention relates to a passivation structure of 
a display device, and more particularly, to a passivation 
structure formed of an organic/inorganic film. 

[0003] 2. Description of the Prior Art 

[0004] The progress of science and technology has led to organic 
materials being well applied to all kinds of electrical de- 
vices. For example, organic light-emitting displays 
(OLEDs), which are formed by using organic materials, 
have the advantages of simpler structures, excellent oper- 
ating temperature, high contrast, and a wide viewing an- 
gle, and have the beneficial characteristics of light- 
emitting diodes (LEDs), such as rectification and luminos- 
ity, so as to be used extensively in the field of display de- 



vices. Since the OLED uses luminous devices formed of 
organic materials to provide a light source, the OLED is 
very sensitive to the moisture. Once the organic light- 
emitting devices are exposed in the moisture, the cathode 
thereon may be oxidized and the interface of organic 
compounds may be peeled. This leads to dark spots being 
generated in the luminous devices, which deteriorates the 
brightness and the lifetime of the display devices. As a re- 
sult, the package material used to package the electrical 
devices not only needs high anti-abrasiveness and ther- 
mal conductivity, but also requires low moisture perme- 
ability to prevent the organic materials from being ex- 
posed in the external environment effectively and to im- 
prove the lifetime of the electrical devices. 
[0005] For example, in the conventional package process of dis- 
play devices, a sealing agent made of polymer materials is 
often used to combine the container, which is composed 
of a metal or glass material, with the substrate and a des- 
iccant agent and dry nitrogen are filled into the empty re- 
gion there between. However, this package structure can 
be only applied to the display devices with metal or glass 
substrates, but cannot be used in packaging those with 
the flexible substrates. In addition, the metal container 



has disadvantages of having a heavyweight, and being 
oxidized easily. In the fabricating process, the metal con- 
tainer also has disadvantages of pealing off from the glass 
materials easily and having the requirement of a high de- 
gree of flatness. The glass container has the disadvan- 
tages of having heavyweight, cracking easily, and pealing 
off easily due to stress differences. Moreover, most of the 
sealing agents composed of polymer materials lack ade- 
quate protection from moisture. As a result, although the 
electrical devices are packaged, the moisture of the exter- 
nal environment still permeates into the packaged device 
gradually and erodes the display devices so as to deterio- 
rate the display effect and decrease the lifetime of the 
display devices. 

[0006] | n order to solve the above-mentioned problems of the 
metal or glass container, a new passivation process that 
utilizes films to encapsulate the protected devices is de- 
veloped. Please refer to Fig.l, which is a cross-sectional 
diagram of a passivation structure 16 disclosed in U.S. 
Patent 5,811,177. As shown in Fig.l, an OLED 10 mainly 
comprises a substrate 12, a display unit 14 positioned on 
the substrate 12, and a passivation structure 16 covering 
the display unit 14 and the substrate 12. The display unit 



14 is composed of a plurality of pixels and further com- 
prises a driving circuit (not shown) disposed on the sub- 
strate 12 for driving the pixels to display. The passivation 
structure 16, which is a multiple film structure, comprises 
a metal layer 18, a buffer layer 20, a thermal coefficient 
matching layer 22, a low permeability layer 24, and a 
sealing layer 26 stacked on the display unit 14 in se- 
quence for protecting the display unit 14. 
[0007] Furthermore, another passivation structure which utilizes 
a metal layer, inorganic materials and hydrophobic poly- 
mer materials is disclosed in U.S. Patent 5,952,778. An- 
other moisture-proof multi-layer structure is disclosed in 
Chinese Taipei Patent 379,531 to improve the above- 
mentioned problem.The structure includes a moisture- 
adsorbing resin layer, an adhesive layer, and a transparent 
resin layer and covers an electroluminescent device to 
prevent the electroluminescent device from moistening 
and oxidizing. 

[0008] As mentioned above, although most inorganic materials 
have a superior water repelling ability, the inorganic ma- 
terials have a significant difference from the organic light 
emitting display unit, which is almost formed of organic 
materials, in the stress or the thermal expansion coeffi- 



cient. The adhesion between the inorganic materials and 
the organic materials is also weak so that the inorganic 
materials are easily peeled from the organic light emitting 
display unit. As a result, though the conventional passiva- 
tion structures have different package design or package 
materials, they typically utilize a polymer material as a 
buffer layer and stack the buffer layers and the inorganic 
materials in a staggered layout on the display unit to form 
an multi-layer passivation structure to prevent electrode 
materials or organic materials in the display device from 
being eroded or oxidized by the moisture and oxygen in 
the externalenvironment. Normally, some moisture sensi- 
tive electrical devices, such as the OLED, require a passi- 
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vation whose permeability is less than 0.05 g/m day. 
Thus, most of the conventional passivation structures are 
composed of more than five stacked layers to meet the 
permeability requirement. However, although the multi- 
layer structure can provide a better effect on moisture 
protection, there is the disadvantage of complicated fabri- 
cating process which leads to a high fabrication cost and 
long fabricating time. 
[0009] Additionally, since the passivation structure 16 on the 

display unit is usually opaque, the organic light emitting 



display device has to use the transparent substrate be- 
neath to display images in a bottom emission mode. When 
the size of the display device increases and the resolution 
thereof improves, the display device operates in an active 
driving method instead of the conventional passive driving 
method. In an active organic light emitting display device, 
each pixel needs an independent driving circuit so that 
more electrical devices are required and more area is oc- 
cupied thereby. This leads to a decrease in the ratio of 
transmitting area in each pixel. As a result, when light 
beams generated from the organic light emitting display 
device pass downward through the transparent substrate 
to display images, some light beams are blocked by the 
driving circuit in each pixel so that the brightness of the 
organic light emitting display device is reduced and the 
display performance is therefore deteriorated. Thus, it is 
important to develop a new passivation structure and 

method thereof to solve the aforementioned problem. 
Summary of Invention 

[0010] it is therefore a primary objective of the claimed invention 
to provide a passivation structure which comprises an or- 
ganic/inorganic film to solve the problem mentioned 
above. 



[0011] | n a preferred embodiment of the claimed invention, a 
display device comprises a substrate, a display unit dis- 
posed on the substrate, and a passivation structure cover- 
ing the display unit and the substrate. The passivation 
structure is formed of an organic/inorganic film. An inner 
side, which is closer to the display unit, of the passivation 
structure has a higher organic/inorganic ratio than an 
outer side, which is farther from the display unit, and the 
organic/inorganic ratio gradually decreases from the inner 
side of the passivation structure toward the outer side of 
the passivation structure. 

[0012] it i S an advantage of the claimed invention that the passi- 
vation structure is formed of a single organic/inorganic 
film. Thus, the fabricating process can be simplified sig- 
nificantly. By adjusting the organic/inorganic ratio prop- 
erly, the passivation structure has the characteristic of the 
organic materials and the inorganic material at the same 
time so as to attach on the display unit perfectly and has 
an excellent water repelling ability to prevent the display 
unit beneath from being damaged by the moisture, oxy- 
gen, or other gases. 

[0013] These and other objectives of the claimed invention will 

not doubt become obvious to those of ordinary skill in the 



art after reading the following detailed description of the 

preferred embodiment, which is illustrated in the various 

figures and drawings. 
Brief Description of Drawings 

[0014] pig.l is a schematic diagram of a passivation structure ac- 
cording to prior art. 

[0015] Fig. 2 is a schematic diagram of a display device according 
to a preferred embodiment of the present invention. 

[0016] pig. 3 is a local amplified diagram of the display device 

shown in Fig. 2. 
Detailed Description 

[0017] please refer to Fig. 2, which is a schematic diagram of a 
display device 110 of a preferred embodiment of the 
present invention. As shown in Fig. 2, the display device 
110 comprises a substrate 112, a display unit 114 posi- 
tioned on the surface of the substrate 112, and a passiva- 
tion structure 116 covering the display unit 114 and the 
substrate 112 for preventing the display unit 114 from 
being exposed to the external atmosphere. 

[0018] please refer to Fig. 3, which is a local amplified schematic 
diagram of the display device 110. As shown in Fig. 3, the 
display unit 114 is composed of a plurality of pixels. Each 



pixel is a multi-layer stacked structure and comprises a 
conductive layer 130, a luminous layer 132, a metal layer 
134, a dielectric layer 136, and a conductive layer 138 
stacked on the substrate 112 in sequence. In the pre- 
ferred embodiment of the present invention, the display 
device 110 is an organic light emitting display device. The 
luminous layer 132 is primarily formed of organic materi- 
als, such as an organic luminous layer composed of con- 
jugated polymers. The substrate 112 is a glass substrate, 
a plastic substrate, or a metal substrate. The conductive 
layers 130 and 138 are usually composed of ITO or IZO. 
The metal layer 134 comprises alloys of Al-Mg, Al— Li, or 
AI-LiF. The dielectric layer 136 comprises a silicon nitride 
layer, a silicon oxide layer, or a polymer layer. In addition, 
the display unit 114 further comprises an active driving 
circuit comprising a plurality of thin film transistors ar- 
ranged in a matrix form for driving the pixels in the dis- 
play device 110 with an active driving method to display 
images. 

[0019] The passivation structure 116 is made of an organic/in- 
organic film. By changing the ratio between the sources of 
the organic compounds and the inorganic compounds 
continuously in the fabricating process, the formed or- 



ganic/inorganic film has a higher organic/inorganic ratio 
an inner side, which is closer to the display unit 114, of 
the passivation structure 116 than that in an outer side, 
which is farther from the display unit 114, and the or- 
ganic/inorganic ratio gradually decreases from the inner 
side of the passivation structure 116 toward the outer 
side of the passivation structure 116. 
[0020] For example, in the preferred embodiment of the present 
invention, trimethylchlorosilane (TMCS) or hexamethyl 
disilazane (HMDS) is used as the gas source to perform a 
plasma enhanced chemical vapor deposition with an oxy- 
gen plasma and thereby produce an organic/inorganic 
film formed of a SiO C H compound covering the display 

x y z 

unit 114 and the substrate 112. In the fabricating process, 
different methods can be used to control the ratio among 
x, y, and z so that the SiO C H compound formed earlier 

x y z 

has a higher organic/inorganic ratio, which has a higher y 
and z, and the organic/inorganic ratio is decreasing grad- 
ually, in which y and z are smaller, in the latter fabrica- 
tion. Therefore, the inner side closer to the display unit 
114 of the passivation structure 116 has a similar prop- 
erty to the organic materials so that a better attachment 
and a thermal expansion coefficient and stress, which are 



corresponding to the display unit 114, can be obtained. 
The outer side of the passivation structure 116, which is 
farther from the display unit 114, has a lower organic/ 
inorganic ratio and thereby has a high water repelling 
ability, which is similar to the inorganic materials. It is im- 
portant that the passivation structure 116 is not only fab- 
ricated by the aforementioned PECVD process but also can 
be formed in other processes, such as a sputtering pro- 
cess. In addition, though the SiO C H compound is dis- 

x y z 

closed in the previous embodiment, however, the organic/ 
inorganic film can also be composed of other materials, 
such as SiN C H , or SiO N C H compounds. 
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[0021] it i S noted that the organic/inorganic film in the present 

invention not only has the characteristics of organic mate- 
rials and inorganic materials simultaneously but also has a 
high transmittance in a range of 40 to 90% by using suit- 
able materials and controlling the fabricating parameter 
properly. Consequently, the organic light emitting display 
device 110 can not only display in a bottom emission 
mode through the glass substrate 112 but also display in 
a top emission mode through the passivation structure 
116 composed of the high transmittance organic/inor- 
ganic film at the same time. Thus, the display perfor- 



mance is not affected by the electrical devices positioned 
on the surface of the substrate 112 so as to overcome the 
problem in the prior art caused by a high density of elec- 
trical devices. 

[0022] Furthermore, although the passivation structure in the 
aforementioned embodiment is used in afield of the 
package of the organic light emitting display device, the 
present invention is not limited therein. According to the 
above description and illustration, one skilled in the art 
can easily apply the passivation structure disclosed in the 
present invention to other electric devices, which are sen- 
sitive to moisture, to obtain a better package performance 
and lengthen the lifetime of the electric devices. 

[0023] | n contrast with the prior art, the passivation structure in 
the present invention is formed of an organic/inorganic 
film. By controlling the organic/inorganic ratio of the or- 
ganic/inorganic film in the fabricating process, the passi- 
vation structure can have characteristics of both organic 
materials and inorganic materials. It means that the passi- 
vation structure can have a stress and thermal expansion 
coefficient matching with the organic light emitting dis- 
play unit and have a high water repelling ability as the in- 
organic materials so as to provide an excellent package 



performance and achieve the purpose of improving the 
display performance and lengthening the lifetime of the 
electrical devices. In addition, by choosing suitable mate- 
rials of the organic/inorganic film, a high transmittance 
passivation structure can be made. Thus, a top emission 
mode can be used in display images to overcome the low 
display performance problem in the prior art caused by 
the high dense of electrical devices. Furthermore, com- 
paring with the prior art passivation structure which is a 
multi-layer stacked structure, the passivation structure is 
a single layer structure and can be formed in a single pro- 
cess. Therefore, it not only solves the peeling problem oc- 
curring in the interfaces between different materials, but 
also simplifies the fabricating process, leading to lowering 
the manufacturing cost, reducing the fabricating time, and 
improving the capacity thereby. 
[0024] Those skilled in the art will readily observe that numerous 
modifications and alterations of the invention may be 
made while retaining the teachings of the invention. Ac- 
cordingly, the above disclosure should be construed as 
limited only by the metes and bounds of appended claims. 



